A group of crossbred Dorset or Finnish Landrace ewes maintained under a synthetic light regimen (Light Treatment, 4 mo long days -16 h light, 4 mo short days -8 h light) and exposed to rams every 8 mo (January 1~ September 1, May 1) was compared for lamb production over a period of 4.5 yr with two other comparable groups under natural daylight conditions, one exposed to rams once a year in the fall (Control I) and the other every 8 mo (Control II). Conception rates across breed type of ewe were 92% for Control I, 66% for Control II and 83% for Light Treatment ewes. Conception rates for May breedings only were 16% in Control II and 88% in Light Treatment ewes. Prolificacies of crossbred Finn ewes were higher (P<.05) than those in crossbred Dorset ewes of Control I (258 vs 193%), Control II (187 vs 165%) and Light Treatment (238 vs 163%). The annual production at lambing from the crossbred Finn and Dorset ewes in Control I was 251 and 206 lambs/100 ewes exposed to rams, respectively. Corresponding productions were 211 and 178 for Control II and 296 and 211 for Light Treatment ewes. Mortality of lambs from the crossbred Finn ewes (27%) was higher (P<.01) than that from the crossbred Dorset ewes (12%). Annual attrition of the crossbred Dorset ewes in Control I, Control II and Light Treatment groups was 5.2, 5.4 and 5.4%, respectively. Corresponding percentages of the crossbred Finn ewes were 7.0, 8.8 and 11.2. Overall assessment in productivity, expressed as kilograms of lamb marketed/ewe, was 243 for the crossbred Finn and 257 for the crossbred Dorset ewes (P>.05). The same trait across breedtype of ewe for Controls I and II and Light Treatment was 243, 241 and 266 kg (P>.05). Light control was a reliable agent for indnetion of estrus, but ewe and lamb management procedures must be optimized in order to capitalize on additional lambs.
Introduction
Reproductive performance of a flock can be improved by increasing the number of lambs" ewe -1 "lambing -1 (prolificacy) and by shortening the interval between lambings. The interval most often used in accelerated lambing systems is 8 too, resulting in three lamb crops in 2 yr.
Prolificacy can be improved most rapidly by incorporating genes from highly prolific breeds, such as the Finnish Landrace, into the breeding flock. Out-of-season breeding can be accomplished by administering hormones to ewes or by light control. Hormones have been used extensively for induction of estrus (Ainsworth and Wolynetz, 1982) , but considerable research also has been done on controlling estrus through light control (Yeates, 1949; Bowman, 1970a,b, 1972; Ducker et al., 1970; Robinson et al., 1975; Vesely, 1975 Vesely, , 1978 Vesely and Bowden, 1980; Hackett and Wolynetz, 1982) . However, little information is available on the comparison between systems of year-round breeding using light control and conventional systems of once-a-year lambing.
The objectives of this study were: 1) to compare performance of ewes lambing three times in 2 yr under controlled daylength conditions with ewes managed under a conventional system, 2) to compare performance of ewes lambing three times in 2 yr under natural daylight conditions with ewes managed under a conventional system and 3) to compare performance of crossbred ewes sired by either Dorset Horn or Finnish Landrace rams under the three systems of production over a 4.5-yr period.
four breeds of sheep, Romnelet, Columbia, Suffolk and North Country Cheviot (Vesely and Peters, 1972 , 1974 , 1979 , 1981 , ewes representing the four breeds and their two-, three-and four-breed crosses were exposed to Dorset Horn or Finnish Landrace rams. Crossbred Dorset or Finnish Landrace female offspring from these matings were retained and subsequently used in this experiment. Genetically, the maternal sides of these animals were equally distributed within and between the experimental groups so that genetic differences between groups were due only to the sire breeds. Ninety-eight crossbred Dorset Horn and 102 crossbred Finnish Landrace 3-and 4-yr-old ewes were used.
Sixty-nine ewes (35 crossbred Dorset, 34 crossbred Finn) were maintained to produce one lamb crop/yr (Control I). They were bred between October 15 and November 15. Lambs, born between March 15 and April 15, were weaned on June 10. Sixty-seven ewes (33, 34) in a second group were bred three times in 2 yr commencing on January 1, September 1 and May 1 (Control II). Ewes in this group were maintained under natural daylight conditions in outside pens. A third group (Light Treatment) of 64 ewes (30, 34) was also bred three times in 2 yr on the same dates as ewes in Control II; however, they were continuously maintained under an artificial light regimen of fluctuating periods of long and short daylength. Each production cycle of 240 d starting on d 0 (commencement of breeding period) consisted of 33 d with 8 h daylength, followed by a period of abruptly increased daylength to 16 h for another 120 d. During the next 87 d the daylength was maintained at 8 h/d. Thus, each production cycle consisted of a 4-too period of long days (16 h light) and a 4-too period of short days (8 h light; figure 1) Control II ewes followed a similar regimen except that they were exposed to natural daylight conditions. An insulated barn without windows was used for the Light Treatment ewes. Air exchange was maintained by fans according to size of rooms and number of animals in them. Artificial light was supplied by high-pressure mercury lamps that emitted light in the range including normal wavelengths and the cool ultraviolet rays, with an average light intensity of 245 lux at 1 m above the ground. When the animals were exposed to 16 h of light, lamps were on from 0400 to 2000 h. Under the 8-h daylength, light was on from 0800 to 1600 h. All ewes had access to outside paddocks from 0800 to 1600 h.
Ewes in Control II and Light Treatment groups were fed alfalfa hay and barley. Ewes were weighed four times during each production cycle, and amounts of hay and barley fed were adjusted for each group to achieve desired growth rates and body weights at the four stages of production. About 2.5 kg of hay" head -1 "d -x were fed. When it was necessary to increase energy consumption at any stage of the production cycle, to increase gains or to meet energy requirements of late pregnancy or lactation, barley was fed in amounts up to .7 kg'head -x'd -1. A corresponding reduction in the amount of hay offered was necessary to permit adequate consumption of higher energy feed. About 10 d before weaning, barley was withdrawn from the diet and the amount of hay was reduced gradually each day and replaced by straw. By weaning time, each ewe had received the hay-straw diet for 2 d, supplying energy slightly below her maintenance level. After weaning, the amount of hay in the diet was gradually increased and the straw decreased until it again reached the normal level for nonlactating, nonpregnant ewes. Ewes in Control I were turned out to pasture on about June 15 and grazed until the middle of October. They were fed the same diet as those in Control II and Light Treatment groups during the winter confinement period (November to May). Mineral mix and water were available at all times.
Immediately after weaning, all lambs were put into a feedlot and self-fed pellets containing 50% alfalfa hay, 40% barley, 10% beet pulp and minerals. All lambs were fed to a weight of about 45 kg.
The breeding period of Control I ewes never coincided with the breeding periods of Control II and Light Treatment groups. Ewes in each group were exposed to identical rams. For example, at the beginning of the experiment, ewes in Control I (n =-69) were divided into two breeding groups (35 and 34) with near equal distribution of the two genetic types (crossbred Dorset vs crossbred Finn) within each breeding group. During the first 16 d the two groups were exposed to rams A and B, and the following 16 d to rams C and D. Similarly, ewes of the Control II (n = 67) and Light Treatment groups (n = 64) were each divided into two subgroups (33, 34 vs 30, 34) and the four groups were exposed to A, B, C and D rams. After the first 16 d, C and D rams were placed with the ewes that were first bred by A and B rams, and A and B rams were placed with the ewes first bred by C and D rams. Each group (Control I, II and Light Treatment) was exposed to the same 20 rams over the course of the experiment. Five groups of four new rams were used for each of the five lamb crops in Control I. In Control II and Light Treatment, two of the five groups of four rams were used twice because seven lamb crops were produced. All rams were maintained under natural daylight conditions and they were examined for physical fitness before each breeding.
The traits measured were conception rate (number of ewes lambing/100 ewes exposed to rams), prolificacy (number of lambs born/100 ewes lambing), lamb production (kilograms of lamb weaned or marketed/ewe exposed to rams) and mortality of lambs to weaning as percentage of lambs born. Three statistical analyses were performed. One was a chisquare analysis (Steel and Torrie, 1960) on conception and prolificacy rates within production cycle and Control I or Control I1 and Light Treatment. Interactions between Control II and Light Treatment, and crossbred Dorset and Finn ewes also were tested. The second was a least-squares analysis using a model with factors of breed type (crossbred Dorset, crossbred Finn) and management (Control II, Treatment) included. The same analysis was performed within Control I using a model in which only breed type was considered. The third analysis was an intra-production cycle regression of lambing status on body weight at breeding time. Lambing status was'coded as 0 for a dry ewe, 1 for a ewe with a single lamb, 2 with twins, 3 with triplets and 4 with quadruplets.
Results and Discussion
Once-a-year breeding in the fall (Control I) resulted in high conception rates (CR), generally ranging from 91 to 100%. There was one exception, only 57% of the crossbred Finn ewes conceived in 1979. This is difficult to explain because the same rams achieved conceptions of 85% in Control II and 79% in Light Treatment groups (table 1). The Control II ewes had low CR when bred out-of-season. In May 1979, CR for crossbred Dorset and Finn ewes were 3 and 3% and in 1981, 15 and 43%, respectively. It was surprising that Dorset breeding in the crossbred ewes did not result in higher CR at this time of year. Higher CR (P<.01) were obtained in the Light Treatment than in the Control II groups. Throughout the experiment, CR of ewes in the Light Treatment were always slightly lower than those in Control I. These differences, however, were not statistically significant. No interaction was found between the factors of genetic type of ewe and Control II or Light Treatment.
Prolificacies were not affected by management (table 1) . However, there was a trend toward having higher prolificacies in Control I. These findings are in contrast to those published earlier (Vesely and Bowden, 1980) showing an advantage in prolificacy of 20 percentage points for ewes on Light Treatment vs Control. Although the treatment in both experiments was the same, the ewes were of different genetic backgrounds. Generally, prolificacies of crossbred Finn ewes were higher (P<.05) than those of crossbred Dorset ewes. On average, crossbred Finn ewes produced about250 lambs and crossbred Dorset ewes 180 lambs/100 ewes lambing.
Although crossbred Finn ewes produced more lambs at birth than did crossbred Dorset ewes, they also had much higher lamb mor- . Throughout the experiment, lamb mortalities of crossbred Finn ewes were around 30%, while those of crossbred Dorset ewes were about 10%. These relatively high mortality rates were due partly to not raising lambs from ewes with insufficient milk supply by artificial means. Slightly higher lamb mortalities were evident in the Light Treatment group, compared with the two Control groups. The advantage of crossbred Finn ewes in lamb production due to higher prolificacies practically disappeared when comparing kilograms of lamb weaned or marketed/ewe exposed to ram (tables 2 and 3). In the Control I group, the amount of lamb weaned or marketed/crossbred Finn ewe exposed was similar to, or less than, that from crossbred Dorset ewes in all cycles (table 2). In Control II and Light Treatment groups, crossbred Finn ewes exceeded (P<.05) crossbred Dorset ewes in only two of seven cycles in terms of kg of lamb marketed/ewe exposed to rams. During the two out-of-season breedings (cycles 3 and 6), Light Treatment ewes produced 76 kg more lamb at market than did Control II ewes. However, Control II ewes were more (P<.05) productive in cycles I and 2 (table 3). It should be noted that Control I ewes consistently weaned more kg of lamb than did either Control II or Light Treatment ewes. This was due mainly to differences in weaning age among groups (70 d for Control I and 45 d for the other two groups).
The overall assessment of the two genetic types of ewes (crossbred Dorset, crossbred Finn) and the three management systems (Control I, Control II and Light Treatment) is presented in table 4. It summarizes production traits accumulated over the duration of the experiment and is based on the initial established flock numbers. This analysis took into consideration not only conception and prolificacy rates of ewes and mortality rate of lambs, but also the rate of attrition of ewes during the course of the experiment. When these factors were combined, the higher production potential of crossbred Finn ewes was eliminated. These ewes produced 1.5 more lambs over the 4.5-yr period but raised equal numbers of lambs to weaning. Overall they produced about 14 kg less lamb marketed. This difference was not significant. The loss in advantage of the crossbred Finn ewes was also due, in part, to higher attrition of these ewes in all three management systems (table 5) . Differences in attrition between the two genetic groups of ewes were significant in Control II and Light Treatment. However, these results may be misleading as far Clearly, light treatment was effective in increasing the number of iambs produced" ewe -1"unit time -1, and crossbred Finn were more prolific than crossbred Dorset ewes (table 1). In the Control I group, crossbred Finn and Dorset ewes, respectively, produced annually 251 and 206 lambs/100 ewes exposed to rams. Corresponding values were 231 and 178 for Control II and 296 and 211 for Light Treatment Groups.
To exploit accelerated lambings and higher prolificacies, management must be intensified from the standpoint of buildings, corrals, feeding of dry or pregnant ewes with singles or twins and raising surplus lambs artificially to reduce mortalities. For example, separating ewes in postweaning periods according to their condition and administering different feeding regimens is believed to be important. In the accelerated lambing system, ewes have only 1 mo after weaning to restore their condition for a new lamb crop. During this period, some ewes need additional feed and others do not.
Ewes in Control I and II groups were, on average, in good condition at each breeding period. Body weights of ewes on the Light Treatment were lower in the second and third production cycles. Low body weights during the second and third cycles led to a change in management of these ewes. The floor space per ewe was increased and additional bunk space was supplied to rectify the problem. Conception rates of ewes on the Light Treatment were less satisfactory and more variable during the first three production cycles than during the last four. Intra-cycle regression of lambing status (Y) on body weight at breeding (W) was highly significant in the Light Treatment group (Y = -.66 + .028 W). Variable body weights suggest that the significant regression coefficients were due to the condition of ewes. No significant regression was obtained in Control I and II, although a strong trend (P<.08) of curvilinear regression in crossbred Finn ewes in Control I suggested that overconditioning might be detrimental. It is important to maintain desirable body condition for high conception of ewes exposed to rams every 8 mo. This requires facilities and expertise. It is therefore necessary to conduct experiments on year-round breeding over a longer period of time, at least six production cycles. Short term, out-of-season breeding trials (Slyter et al., 1983 ) might give erroneous results.
In conclusion, the following results can be highlighted. Ewes exposed to rams every 8 mo without any agents inducing estrus did not conceive in satisfactory numbers. Crossbred ewes with 50% Dorset Horn blood did not exhibit higher conception rates in the spring than crossbred ewes with 50% Finnish Landrace blood. Light control as applied in this experiment was a reliable agent for induction of estrus, but ewe and lamb management procedures must be optimized in order to capitalize on additional lambs. An economic consideration
